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Abstract. Background: Thalassemia is a common hereditary hemoglobin disorder in Vietnam.
Elucidating the epidemiological and genetic patterns in children is essential for developing
screening and prevention strategies.

Methods: A retrospective analysis of 1,240 children under 10 years of age with Thalassemia treated
at the National Institute of Hematology and Blood Transfusion in Vietnam, between 2014 and 2023.
Results: The median age at treatment initiation was 1 year (range 0-9 years), with 94.5% of
patients aged 0-5 years. Children born after 2020 were diagnosed and treated earlier than those
born before 2020 (0 year (range 0-2 years) vs 1 year (range 0-9 years); p < 0.0001), concurrent
with the implementation of the national prenatal screening program. B-thalassemia and -
thalassemia/HbE accounted for nearly 90% of cases, with subtype distribution varying by
ethnicity and region. p-thalassemia/HbE predominated in the Northwest and North Central
regions, particularly among the Thai and Muong populations. In contrast, g-thalassemia was more
prevalent in the Northeast, notably among the Tay and Nung populations. Eight a-globin and
thirteen B-globin mutated types were detected. The common f-globin variants (CD17, CD41/42,
CD71/72, -28, and IVSI-1) and HbE (CD26) mirror patterns reported in neighboring Laos and
Guangxi Province, China. For a-globin genotypes, --StA (49.83%), Hb CS (31.53%), and -a3’
(8.47%) were most frequent.

Conclusion: Geography, ethnicity, and genetic background strongly shape Thalassemia
epidemiology in Northern Vietnam. Targeted genetic counseling, early carrier screening, and
region-focused community programs are urgently needed to reduce disease burden in high-risk
populations.
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Introduction. Thalassemia, a group of disorders inherited disease worldwide, with an estimated 7% of the
affecting hemoglobin synthesis, is the most prevalent global population carrying the trait.>? Its distribution is
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strongly associated with ethnicity and geography, with
particularly high prevalence in the Mediterranean region,
the Middle East, and Southeast Asia.>® The disease not
only impairs physical growth and quality of life but also
imposes a substantial financial burden on patients,
families, and society.*®

Vietnam, located in Southeast Asia and sharing
borders with Laos, Cambodia to the West, and China to
the North, lies within the ‘thalassemia belt’ where the
disease is highly endemic. A national survey in 2017
estimated a carrier prevalence of 13.8%.% As of 2024, the
country’s population was approximately 105.7 million,
comprising 54 officially recognized ethnic groups.” The
majority Kinh group (85.3%) predominantly inhabit
lowland regions, while ethnic minorities such as the Thai,
Muong, Tay, and Nung (14.7%) are concentrated in
upland and mountainous areas, which often face
challenges in healthcare accessibility.”® Northern
Vietnam, encompassing the Red River Delta, the
Northeast, the Northwest, and the North Central,
presents pronounced diversity in socioeconomic, cultural,
and environmental conditions, making it a relevant
setting for epidemiological investigation.

The Thalassemia Center at the National Institute of
Hematology and Blood Transfusion, Vietnam (NIHBT)
is the largest treatment facility for Thalassemia in
Northern Vietnam, providing care to over 4,000 patients
and delivering around 20,000 treatment visits annually.
Despite advances in clinical management, molecular
diagnostics, and prenatal screening, disease control
remains limited in remote areas and among ethnic
minorities, as evidenced by the continued birth of
affected children each year. While several studies have
reported carrier rates across different ethnic groups in
Vietnam, data on clinical characteristics, particularly
among pediatric patients, remain scarce.® This study,
therefore, aims to describe the prevalence of
Thalassemia among children from various ethnicities
and regions in Northern Vietnam to support genetic
counseling and targeted prevention strategies.

Methods

Study design and setting. This retrospective descriptive
study was conducted at the Thalassemia Center, a
national tertiary referral institution in Vietnam. The
study cohort comprised 1,240 children diagnosed with
Thalassemia who were younger than 10 years at the time
of their initial treatment at the NIHBT between January
01, 2014, and December 31, 2023. Demographic, clinical,
and laboratory data were collected retrospectively. Data
analysis and study implementation were carried out at the
same center from June 2024 to May 2025.

Study subjects. During the study period, all patients who
satisfied the inclusion criteria were consecutively
enrolled without the use of sampling methods. The

eligible cohort comprised children diagnosed with any
subtype of Thalassemia, including o-thalassemia, [-
thalassemia, and B-thalassemia/HbE, before reaching 10
years of age, who commenced treatment at the
Thalassemia Center within the specified timeframe.
Patients with incomplete or missing medical records
were excluded from the study.

Data Collection and Variables. Data were
retrospectively extracted from paper-based case files and
the hospital’s electronic database. Demographic and
clinical variables were collected using a standardized
template by two independent investigators to ensure
accuracy, with data verification and cleaning performed
by a designated member of the research team. All records
were anonymized and encrypted before statistical
processing.

The demographic characteristics included:

* Year of birth: recorded according to the Gregorian
calendar. This variable was used to determine the age at
first treatment and the timing of treatment initiation at
NIHBT.

» Sex: classified as male or female.

+ Ethnicity: obtained from administrative records,
including the Kinh majority and ethnic minority groups
such as Tay, Thai, Muong, ...

« Place of residence: derived from the administrative
information registered at the institute and categorized
according to the geographical regions of Vietnam.

The clinical characteristics included:

* Age at treatment initiation: was defined as the age
at the first blood transfusion, calculated in months from
birth to treatment. For comparison across age groups,
ages for children younger than 6 years (originally
recorded in months) were converted to years (12 months
=1 year).

 Thalassemia subtype: This study population was
classified into three groups: a-thalassemia, B-thalassemia,
and B-thalassemia/HbE based on hemoglobin
electrophoresis (measured using high-performance
liquid chromatography on the Ultra? system- Trinity
Biotech Branch) and genetic testing results (identified
using polymerase chain reaction (PCR) and Sanger
sequencing). PCR assays, adapted from the
Thalassaemia International Federation (TIF) guidelines,
were used to identify population-specific common
variants.® Samples that tested negative or carried only a
single heterozygous variant were subjected to
comprehensive Sanger sequencing using the AB3500
Genetic Analyzer (Thermo Fisher Scientific, USA), with
the BigDye Terminator v3.1 Kit and DyeEx 96 Kit
(QIAGEN, Germany). Sequencing data analysis and
variant calling were performed using CLC Genomics
Workbench version 20 (QIAGEN, Germany). The
variant analysis was specifically directed toward the
HBA1, HBA2, and HBB genes, concerning the transcript
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sequences NM _000558.3, NM_000517.4, and
NM_000518.4, respectively. Nomenclature of identified
variants at both the cDNA (c.) and protein (p.) levels was
assigned following the recommendations of the Human
Genome Variation Society (HGVS).

Data analysis. Categorical variables, including sex,
ethnicity, place of residence, disease subtype, and
genetic variants, were summarized as frequencies and
percentages (%). The variables of average age and age at
treatment initiation were presented as medians with their
ranges. An area chart was used to illustrate the
distribution of age at treatment initiation; a boxplot was
employed to describe the characteristics of the mean age
at treatment initiation; and stacked bar charts were used
to present the distribution of disease subtypes by
ethnicity and place of residence.

This study was exclusively descriptive; therefore, no
inferential statistical analyses were performed. All
analyses and data visualizations were performed using
SPSS software (version 16.0; SPSS Inc., Chicago, IL,
USA).

Ethical considerations. The study was approved by the
institutional medical research ethics committees of the
National Institute of Hematology and Blood Transfusion
(Vietnam; approval No. 964/QD-HHTM, dated July 25,
2025).

Results
Baseline characteristics of the study population. The
demographic characteristics of the study cohort are
presented in Table 1. The median age at treatment
initiation was 1 year, with most patients starting therapy
before age 2. Notably, children born from 2020 onward
were diagnosed and treated earlier compared to those
born before 2020 (0 vs. 1 year, p < 0.0001). The majority
of Thalassemia patients in this cohort belonged to ethnic
minority groups. Four groups (Thai, Muong, Tay, and
Nung) comprised 61% of the study population. The
proportion of Kinh patients was 32.7%, despite the Kinh
accounting for more than 85% of Vietnam’s
population.”®

Most patients resided in mountainous regions, mainly
the Northwest (40.1%) and Northeast (31.1%). The
predominant subtypes were Beta Thalassemia/HbE
(51%) and Beta Thalassemia (38.3%). Alpha
Thalassemia accounted for 10.5% of cases (Table 1).

Age at onset of treatment. The distribution of
Thalassemia subtypes among pediatric patients aged 0-9
years was shown in Figure 1. Most Thalassemia cases
were diagnosed early, with the highest prevalence
observed in children under one year of age, followed by
a gradual decline with increasing age, particularly among
those with Beta Thalassemia. This group was markedly

Table 1. Baseline characteristics of the study population (n = 1.240).

Characteristic n(r(;/r(:)g/e')\/lyee(:f:
Age at treatment initiation 1(0-9)
< 2 years 831 (67)
2-5 years 341 (27.5)
6-9 years 68 (5.5)
Median age at treatment initiation
Before 2020 1(0-9)
From 2020 onward 0 (0-2)
p-value <0.0001
Sex
Male 691 (55.7)
Female 549 (44.3)
p-value 0.049
Ethnicity
Kinh 405 (32.7)
Thai 263 (21.2)
Tay 230 (18.5)
Ethnic Muong 169 (13.6)
minorities Nung %5 (17)
e
p-value <0.0001
Place of residence
Northwest 497 (40.1)
Northeast 386 (31.1
Red River Delta 251 (20.2)
North Central 100 (8.1)
Disease type
Beta Thalassemia/HbE 633 (51)
Beta Thalassemia 475 (38.3)
Alpha Thalassemia 130 (10.5)
?ﬁ;z?a'ls'?:rlsis;emla with Alpha 2(0.2)

predominant in the under one-year-of-age category
(70.1%), and 94.5% of these patients were aged from O
to 2 years. Among patients with Beta Thalassemia/HbE,
54.5% began transfusions before age 2, while 42.4%
initiated transfusions between ages 2 and 6. The
proportion of Alpha Thalassemia patients who initiated
treatment before age 1 was relatively high (30.8%).

The mean age at treatment initiation varied
substantially among the three Thalassemia subtypes
(Figures 1 and 2). In the Beta Thalassemia group, 88.6%
of patients began treatment before age 2, with a mean age
of 0.54 years. Among those with Beta Thalassemia/HbE,
93.4% initiated treatment at or before 5 years of age, with
a mean age of 1.88 years. In the Alpha Thalassemia
group, 90.9% of patients initiated treatment before age 7,
with a mean age at treatment initiation of 2.45 years. The
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Figure 1. Age distribution at treatment initiation for three disease
subtypes. The curves represent B-thalassemia (-e-); f-
thalassemia/HbE (- A -); a-thalasemia (-m-).
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Figure 2. Boxplot illustrating the mean age at treatment initiation for
the three disease types.

difference in age at treatment initiation between the Beta
Thalassemia group and the other two subtypes was
statistically significant (p < 0.0001). Additionally, the
mean age at treatment initiation also differed
significantly between the Beta Thalassemia/HbE and
Alpha Thalassemia groups (p = 0.00012).

Distribution of Thalassemia subtypes by ethnicity and
place of residence. In Figures 3 and 4, ethnic groups and
geographic regions with larger patient populations were
highlighted. Ethnic groups with fewer than 30 patients
were not presented due to their limited
representativeness; they included 29 Dao patients, 10

San Diu patients, 4 Tho patients, and 3 San Chay patients.

The Cao Lan, Giay, Kho Mu, and La Ha groups each
comprised 6 patients, while the Khang and H’Mong
groups each had two patients. The Kho Me, Hoa, Lao,
and Xinh Mun groups each accounted for one patient.
For the analysis of distribution by place of residence,
only four main regions were considered: The
Northeastern, Northwestern, Red River Delta, and North
Central regions. Two cases of Beta Thalassemia
combined with Alpha Thalassemia were excluded due to
their very low number, to maintain the completeness of
the dataset.

The analysis revealed a marked variation in the
distribution of Thalassemia subtypes across ethnic
groups and geographic regions. Beta Thalassemia/HbE
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Figure 3. Characteristics of disease types by ethnicity:
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Figure 4. Distribution of disease types by place of residence:
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Beta Thalassemia

was predominant among the Kinh, Thai, and Muong
ethnic groups, particularly in the Thai and Muong
populations, whereas Beta Thalassemia was more
common among the Tay and Nung groups (Figure 3).
The Northeastern region had the highest proportion of
Beta Thalassemia cases, accounting for 68.3%. In
contrast, Beta Thalassemia/HbE was more prevalent in
the Northwestern, Red River Delta, and North Central
regions, with the highest proportion observed in the
North Central region (73%). Alpha Thalassemia was
present across all ethnic groups and geographic regions,
accounting for the lowest proportion (Figure 4).

The Northest =
The Northwest

Red River Delta
North Center

Alpha Thalassemia

Characteristics of globin gene variants. Data from 1,240
Thalassemia patients were grouped into seven clinical
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Table 2. Characteristics of globin gene variants.

Variant type Variant name n (%)
NG_000006.1:9.26264_45564del19301 (--SEA) 147 (49.83)
NG_000006.1:9.10664_44164del33501 (--THA') 4 (1.36)
Hb CS 93 (31.53)

, NG_000006.1:9.34164_37967del3804 (-o>7) 25 (8.47)
a-globin NG_000006.1:9.169818_174075del (-a*?) 13 (4.41)
HBA2: ¢.377T>C (Hb QS) 5 (1.69)
c.2del, ¢.126_129del 7(2.37)
HBAZ2: c.429A>T (Hb Pakse) 1(0.34)
NM_000518.4:¢c.52A>T (CD17) 718 (32.23)
NM_000518.4: c.79G>A (CD26) 641 (28.77)
NM_000518.4:¢.126_129delCTTT (CD41/42) 599 (26.89)
NM_000518.4:¢.216_217insA (CD 71/72) 96 (4.31)
NM_000518.4: c.-78A>G (-28) 57 (2.56)
NM_000518.4:¢.92+1G>T (IVSI-1) 60 (2.69)
NM_000518.4:¢.92+5G>C (IVSI-5) 4(0.18)
B-globin NM_000518.4:¢.316-197C>T (IVSII-654) 18 (0.81)
NM_000518.4:c.-79A>G (-29) 2 (0.09)
NM_000518.4:¢.287_288insA (CD95) 25(1.12)
NM_000518.4:¢c.-138C>T 1(0.04)
NM_000518.4:¢.130G>T (CD 43G) 4(0.18)
NM_000518.4:¢.27_28insG (CD8/9) 2(0.09)
Other variants 1(0.04)

groups: Alpha Thalassemia, Alpha Thalassemia
combined with Beta Thalassemia, Alpha Thalassemia
with HbE, Beta Thalassemia, Beta Thalassemia/HbE,
and Beta Thalassemia or Beta Thalassemia/HbE carrying
co-inherited alpha-globin gene variants. A total of 2,523
mutated alleles were identified, including 295 a-globin
gene variants and 2,228 B-globin gene variants, with
eight a-globin and thirteen B-globin mutated types being
detected. These types were represented in Table 2.

Among o°-globin alleles, the --SEA deletion was
predominant (49.83%), whereas the --T™A! deletion was
rare (1.4%). The a*-a-globin variants mainly comprised
Hb CS (31.53%), while small deletions (-a3.7 and -04.2)
were less frequent (12.88%). Other rare variants,
including Hb QS, c.2delT, and Hb Pakse, just accounted
for 4.4% (Table 2).

For the B-globin gene, the majority of variants were
point mutations. 3°-globin variants (abolishing B-globin
chain production); including Codon 17 (A>T), Codon
41/42 (-TTCT), Codon 71/72 (+A), IVSI-1 (G>T), IVSI-
5 (G>C), CD95, CD43, and Codon 8/9 (+G); accounted
for 67.69% of all B-globin variants. The structural variant
HbE (CD26) was also highly prevalent (28.77%).
Additionally, a small proportion of B*-globin variants,
such as -28 (A>G), -29 (A>G), IVSII-654 (C>T), and
€.-138 (C>T), was observed.

Discussion. Thalassemia is a genetic disorder caused by
variants that disrupt the synthesis of globin chains. The
severity of this condition can vary significantly based on
the specific genetic mutations and their combinations.
An analysis of 1,240 children with Thalassemia under
age 10 at NIHBT (Table 1) revealed that treatment
typically commenced at a young age, with a median age
of initiation of 1 year. Notably, 94.5% of these patients
began treatment before age 6, and 67% were diagnosed
within the first 2 years of life. A comparison between
children born before 2020 and those born in 2020 or later
revealed a discernible trend of earlier diagnosis and
intervention in more recent birth cohorts. Children born
after 2020 initiated treatment at a median age of 0 years
(range 0-2 years), compared to a median age of 1 year
(range 0-9 years) for those born earlier (p <0.0001). This
shift is likely associated with Decision No. 1807/QD-
BYT in Vietnam (2020),'! which includes Thalassemia
in the list of conditions to be screened and diagnosed
during the first trimester of pregnancy. The
implementation of this regulation, along with
coordinated efforts by national health authorities to raise
community awareness and expand screening programs,
has contributed to increased recognition and early
detection of Thalassemia across Vietnam.

Upon closer examination of age at treatment initiation
across the various disease subgroups, a pronounced
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disparity emerges. B-Thalassemia requires the earliest
initiation, typically within the first year of life, reflecting
its more severe clinical manifestations. The proportion of
Alpha Thalassemia patients initiating treatment before
age 1 was not low (30.8%), likely attributable to the
study population consisting predominantly of moderate-
to-severe Alpha Thalassemia cases. However, when
considering the entire study cohort (n=1240), the
proportion of Alpha Thalassemia patients who required
a transfusion before 1 year of age was small, at
approximately 3.2%. In other words, o-Thalassemia was
characterized by a later and more variable onset. [3-
Thalassemia/HbE occupied an intermediate position
between the two types (Figures 1 and 2).

Following the analysis of the age at treatment
initiation, the examination of geographical and ethnic
characteristics further contributes to elucidating the
overall profile of the study population. Northern
Vietnam can be divided into several major regions,
including the Northeast, which borders Guangxi
Province of China to the North; the Northwest and North
Central regions, both adjoining Laos to the west; and the
Red River Delta in the heart. Analysis of Table 1, Figure
3, and Figure 4 revealed marked differences in the
distribution of Thalassemia genotypes across
geographical areas and ethnic groups. Notably, Beta
Thalassemia/HbE was highly concentrated in the North
Central region (73%) and the Northwest (65.5%),
making these areas epidemiologically "hotspots™ for this
type. These findings are consistent with the genetic
background of the two regions, which not only share
geographical proximity through land borders with Laos,
where the HbE carrier rate is extremely high (50-60%),2
but also are home to ethnic minorities with elevated
carrier frequencies.’>*® Beyond geography, ethnicity
plays a critical role. The Thai and Muong, the
predominant ethnic groups in the North Central region,
exhibit high HbE carrier rates of 18.7% and 17.9%,
respectively.”® These groups also demonstrate the
highest prevalence of the Beta Thalassemia/HbE
genotype, with 74% among the Thai and 72.2% among
the Muong. Collectively, these findings highlight that the
interaction of geographical factors, cross-border genetic
exchange, and ethnic-specific mutation patterns plays a
critical role in shaping the unique distribution of -
Thalassemia/HbE in Vietnam.

While Beta Thalassemia/HbE clustered in the North
Central and Northwest regions, Beta Thalassemia was
predominantly observed in the Northeast, accounting for
68.3% of cases. The disease was particularly
concentrated among the Tay (69.4%) and Nung (73.7%)
ethnic groups. Notably, within the Dao group, although
only 29 patients were included, 72.4% were affected.
The Dao are a major ethnic population in the Northeast,
and the B°-globin carrier frequency among this group has
been reported to be relatively high (9.3%).1° However, in

the present study, the number of Dao patients was
considerably lower than expected; owing to insufficient
data on globin mutations, this group was not included in
the analysis. Future studies with more comprehensive
data are needed to provide a more objective
understanding of Thalassemia in the Dao community.
Beyond the Dao, comparison with data on Thalassemia
carrier status among ethnic groups in the Northeastern
region of Vietnam demonstrates a clear consistency
between the distribution of clinical phenotypes and
carrier profiles within the community. Notably, the Tay
and Nung populations exhibit relatively high carrier
frequencies for the B°-globin gene (6.2% and 5.5%,
respectively),’® reflecting both increased hereditary risk
and a higher disease burden. Importantly, this region
shares borders with Guangxi, China, where the
prevalence of Thalassemia carriers has also been
reported to be high. A large-scale study in Guangxi in
2021 involving 71,459 children (1-10 years old)
identified a carrier rate of 16.54% (11,821 children),
including 4.9% carriers of the B-thalassemia gene,
predominantly with CD41/42, CD17, CD71/72, and -28
mutations.!” Comparable findings have been reported in
neighboring Southeast Asian countries. In Thailand, -
thalassemia carrier frequencies range from 3-9%,8 with
CDA41/42 and CD17 being the dominant mutations, and
Hb E being widely prevalent.®2° In Laos, similar B-
globin mutation patterns (CD17, CD41/42, CD71/72)
have been observed, with Hb E carriers comprising up to
half of some ethnic groups.?* Together with data from
Guangxi, these findings indicate a continuous
thalassemia-endemic zone spanning southern China,
northern Vietnam, Laos, and Thailand, highlight the
epidemiological similarities between neighboring
regions, and further reinforce the association between
geographical and demographic factors and the
epidemiology of Thalassemia.

Although the Kinh ethnic group accounted for the
largest proportion of patients overall (32.7%), their
prevalence of B-thalassemia or fB-thalassemia/HbE was
lower than that of ethnic minorities such as the Thai,
Muong, Tay, and Nung. This distribution reflects the
epidemiological pattern of Thalassemia carriers in
Vietnam, particularly among ethnic  minority
communities in the northern mountainous regions (the
Northeast and Northwest regions), where carrier
frequencies remain high due to genetic predisposition
and the marriage practices.? In addition, the majority of
patients are concentrated in northern mountainous
provinces, which are characterized by limited
availability of healthcare services and socioeconomic
hardship.?® The disproportionate burden observed in
these areas is not only shaped by genetic risk but also
perpetuated by socio-cultural determinants, notably early
marriage and consanguinity, which together reinforce the
high prevalence of Thalassemia in these communities.
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According to Vietnam News, “20-40% of Thalassemia
carriers belong to ethnic minority groups”.?* This
situation underscores the significant hereditary risk and
highlights the wurgent need for targeted health
communication, genetic counseling, and early, focused
carrier screening programs, particularly within high-risk
ethnic minority populations.

Based on our findings highlighting the influence of
ethnicity and geography on thalassemia epidemiology,
we recommend developing tailored public health
interventions, including targeted genetic counseling and
community-based education, particularly for high-risk
ethnic groups in Northern Vietnam. Future studies
should further characterize mutation spectra and assess
community-based screening strategies to inform
precision public health efforts.

Conclusions. In children under 10 years of age treated at
the NIHBT, B-Thalassemia and B-Thalassemia/HbE
accounted for 89.3% of all cases. The prevalence was
notably higher among ethnic minorities in the northern
mountainous regions, highlighting the critical need for
targeted genetic counseling, early carrier screening, and
community-based education to mitigate disease
incidence in high-risk populations.

Limitations. This study may have been influenced by
referral bias, a specific form of selection bias, as the data
were collected exclusively from the Thalassemia Center
at the NIHBT, the premier hematology facility in
Vietnam's healthcare system. Patients referred to this
center are predominantly from northern provinces. They
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